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ABSTRACT 
Food insecurity and undemutrition are serious problems in many countries. The 
identification of the efficient way to improve the food security condition has become a 
primary political issue for each country. 
Domestic food production growth, economic growth and trade liberalization have 
been listed as major solutions, with the increasing weight on the latter two. All of these 
three factors may improve each country's food security condition to some extent. 
However, the significance of the impact of each of these factors has not fully been 
compared. It is assumed one of these three factors has stronger impact on food security 
than the others have, and also the size and the significance of the impact may change 
under the different agricultural population ratio and the population size of the country. 
The identification of the most efficient factor is therefore helpful for policymakers to 
formulate the most effective policy to improve food security. 
According to the analysis based on the historical trend, it is assumed that the domestic 
food production growth is generally more significant than economic growth and trade 
liberalization, and may be the only significant factor under the high agricultural 
population ratio. Countries with severer and more widespread undemutrition today 
generally have high agricultural population ratio. Therefore the result of this analysis 
suggests that the policies in countries with severe and widespread undemutrition today 
should be directed more toward the domestic food production growth, than toward 
economic growth and trade liberalization. 
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CHAPTER! 
INTRODUCTION 
1. BACKGROUND
Food insecurity and undernutrition are serious problems in many countries. The
international cooperative movements against the food insecurity and undemutrition 
problems have been reinforced especially through the last half century. However, the 
eradication of undemutrition has not yet been achieved in spite of these movements and 
unprecedented growths in the world food production. 
The access to food as the basic human right first appeared officially as an 
internationally acknowledged concept in the Universal Declaration of Human Rights 1, 
proclaimed in 1948 by the United Nations General Assembly (United Nations, 1948). 
Since then, the existence of the food insecurities in certain regions of the world has been 
considered as one of the most fundamental obstacles against the successful achievement 
of the goal in the declaration. 
In addition to the humanitarian perspective, economics has warned that the 
unsatisfactory nutritional status of significant portions of the population in certain 
countries today may result in severe future losses in human resources for those countries 
(Food and Agricultural Organization (FAQ), 1996c). Undemutrition is also considered as 
one of the factors that have been decelerating economic growth in many developing 
countries, mainly because unsatisfactory nutritional status can generally lead to lower 
labor productivity (FAQ, 1996c). 
1 It is set out in the Article 25 that "Everyone has the right to a standard of living 
adequate for the health and well-being of himself and of his family, including food ... " 
1 
As a result of the concerns about the consequences of food insecurity, the eradication 
of undernutrition has become a worldwide goal. In the 1974 World Food Conference, it 
was declared that the undernutrition among nearly eight hundred million people in the 
world would be eliminated within a decade2• In light of the failure to achieve this goal, 
the 1996 World Food Summit set a more realistic goal of halving the size of 
undernourished population, which is still approximately at eight hundred million, by 
2015. However, "total reduction in global hunger achieved between 1996 and 2001 was 
only one-third of what would have been needed" (Rosset, 2002) to meet the goal by 
2015. Consequently, the effective alleviation of food insecurity has remained one of the 
worldwide concerns. 
In parallel with the above-mentioned movements, many studies have been conducted 
on the present situation and possible causes of food insecurities, with the aim of 
identifying the critical factors to improve food security. Among these factors, the 
domestic food production growth, economic growth and trade liberalization have been 
considered as the most important factors. 
The domestic food production growth has conventionally been considered as the key 
factor to improve food security for each country. 
The problem of food insecurity, however, has been more strongly linked with the 
failure in economic growth, especially with the problem of poverty (World Bank, 1986; 
Foster, 1992; Alexandratos, 1995; Maxwell, 1996). A study published by the World Bank 
2 In 1974, governments attending the World Food Conference had proclaimed that 
"every man, woman and child has the inalienable right to be free from hunger and 
malnutrition in order to develop their physical and mental faculties." The Conference had 
set as its goal the eradication of hunger, food insecurity and malnutrition within a decade 
(F AO, 1996a). 
2 
in 1986 associates the chronic food insecurity with problems of continuing or structural 
poverty and low incomes (World Bank, 1986). The Food and Agricultural Organization 
of the United Nations (FAQ) stresses that poverty or the low income at both individual 
level and national level have been considered not only as the obstacles to the successful 
food production growth, but also as the factors that impede the access to food in both the 
domestic market for the individual people, and the international market for countries 
(F AO, 1996a). With this trend, the economic growth in developing countries has been 
gaining more attention as an important factor. 
Another factor is trade liberalization. The promotion of trade liberalization with the 
aim of improving food security is supported in the 1996 Rome Declaration3
• Because of 
the chronic excess food supply in several major food export countries, the trade
liberalization and the consequential economic growth in food deficit countries have been
emerging as the ideal solutions to improve food security in these countries (FAO, 2003).
In the context of food security, the trade liberalizations for currently food deficit
countries are generally aimed at the increases in per capita food imports, through the
creation of the trade surplus (FAO, 1996d).
2. PROBLEM STATEMENT AND JUSTIFICATION
Pinstrup and Pandya-Lorch stress the importance of the role of the government on the
food security improvement, mentioning that "the most depressing factor [to the very slow 
improvements in food security and nutrition in developing countries] is the apparent lack 
3 Rome Declaration, Commitment four, clearly mentions the importance of the 
market-oriented world trade system. Article 37 says ''Trade is a key element in achieving 
world food security." 
3 
of political will by governments of developing countries to place the elimination of [ ... ] 
food insecurity [ ... ] at the top of the list of priorities" (Pinstrup, et al., 2001). Therefore 
policies implemented by the government are considered to have strong influences on the 
improvement in food security. In other words, the implementation of the aforementioned 
three policies by a government can have direct bearing on the food security in countries 
with food insecurity. 
In many cases any combination of the domestic food production growth, economic 
growth and trade liberalization may be able to improve food security to a certain extent. 
In other words, a government is provided with several policy options to improve food 
security. The identification of the most effective combination of policies then has become 
a matter of concern for the government in each country. 
Few studies have, however, compared the relative significance of the impacts of these 
three factors on food security. It has not been clearly analyzed how the relative 
significance of the impacts of these three factors differ based on each country's 
characteristics such as the agricultural population ratio or the population size. As a result, 
it has not clearly been answered which of these three policies should be prioritized in 
order to most effectively improve the food security in the country with widespread 
undernutrition. 
The relationships between the individual factors and food security may be less clear if 
the relative significance of the impacts of these policies is not identified. For example, 
even though the strong linkage between poverty and food insecurity is mentioned by 
many studies (Foster, 1992; Alexandratos, 1995; Maxwell, 1996; FAO, 1996a), very few 
of them analyze why the significance of undernutrition, such as the undernourished 
4 
population ratio, differs largely between countries, or between the periods within one 
country, even if poverty and low income commonly exist among certain portions of the 
population in almost all the countries and throughout the whole period in each country. 
The identification of the most significant factor to improve food security can help the 
government in a specific country or the international organization to allocate their 
available resources more efficiently to improve the food security in each country. This 
applies more to the case in which it is unclear for the government whether the promotion 
of one of these three factors can positively affect the other factors. In other words, it is 
not appropriate for a government to focus on only one of these policies to improve food 
security without comparing the significance of impact which any of these three factors 
has on the improvement of food security. For example, it can be less efficient utilization 
of its resources for a country to promote trade liberalization, if the promotion of the 
domestic food production is a significantly stronger force to improve its food security, 
and if there is no clear path through which the promotion of trade liberalization can 
significantly contribute to the domestic food production growth. As a result, it can be a 
serious political issue for each country which policy to prioritize among the domestic 
food production, economic growth and trade liberalization. 
The FAQ has stressed that trade liberalization can fully contribute to the food security 
improvement if it leads to the increase in the employment possibilities and earning 
opportunities (FAQ, 1996d). For countries with high agricultural population ratios, the 
higher proportions of the employment source exist in the agricultural sectors and thus 
food production. The importance of the domestic food production growth is presumably 
higher in these countries than others, in the process of the food security improvement. 
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This may also apply to the country's population size. Countries with large population 
sizes and thus large scales of food demand may consider the size of the international food 
market smaller and less reliable (lngco, Mitchell and McCalla, 1996). It can be assumed 
that the domestic food production is more important than the food imports for countries 
with large population size. 
In order to identify the most effective way to improve food security among the 
domestic food production growth, economic growth and trade liberalization, a certain 
approach can be made to compare the significance of the impact that each of these three 
factors has on the improvement of food security. The results obtained from the 
comparison can be helpful for each country with specific character including its 
agricultural population ratio and population size, to improve its food security most 
effectively. 
3. OBJECTIVES
The primary objective of this research is to identify and compare the significance of
the effect of the domestic food production, economic growth and trade liberalization as 
possible factors to improve the food security in today's countries with low per capita 
calorie intake levels and widespread undernutrition. There are two specific objectives. 
1. Compare the significance of the impact of the domestic food production, per
capita gross domestic products (GDP), per capita trade balance, market openness
and the existence of civil war on the average daily per capita calorie intake level
in each country categorized by its agricultural population ratio and population size
2. Examine how the combination of above mentioned significance and the impact of
each factor changes based on the country's agricultural population ratio and the
population size
6 
The per capita GDP is used to estimate the impact of economic growth, and the 
market openness and the per capita trade balance are used to estimate the impact of trade 
liberalization on the improvement of the average daily per capita calorie intake level. The 
existence of the civil conflict is taken into consideration to make the analysis more 
accurate. 
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CHAPTER2 
LITERATURE REVIEW 
1. THE MESUREMENT OF FOOD SECURITY
The measurement of the level of food security has been the subject of much
controversy, since it is generally difficult to describe the level of a complex concept like 
"food security" with a simple indicator. 
The concept "food security" is defined in many ways. Maxwell et al. have found 
approximately two hundred definitions of food security in published writing (Maxwell, et 
al., 1992). According to the FAQ definition, food security "exists when all people, at all 
times, have physical and economic access to sufficient, safe and nutritious food to meet 
their dietary needs and food preferences for an active and healthy life." The World Food 
Summit held in Rome in 1996 introduced three concepts; food availability, stability and 
access. These concepts are core characteristics of food security (FAO, 1996a). Food 
security for a country varies at the following different levels; global level, national level, 
the household level and at the individual level and the improvement of food security at 
one level is not necessarily the same as its improvement at the other levels (Thomson, et 
al., 1996; Foster, 1992; Ballenger, et al., 1992). 
No complete measurement method, however, has been established that can thoroughly 
satisfy the aforementioned complex definitions. Consequently, it has been difficult to 
compare the level of food security either between the countries, or between the periods in 
a country. 
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Per capita GDP and per capita daily calorie intake level are widely used indicators to 
measure the level of food security. One study has recognized per capita GDP, especially 
the poverty level, as the representative indicator to measure the level of food security for 
both individual households and countries (Thomson, et al., 1996). Shane, et al. imply that 
the income level of two dollars per day or less is a clear indication of food insecurity 
(Shane, et al., 2000). The World Bank has located poverty as the root cause of chronic 
inadequate access to food for individuals and households (World bank, 1986). With this 
trend, increasing numbers of studies have started using the per capita income level as the 
indicator of food security. 
The other representative indicator is the per capita daily calorie intake level. Let Peal
denote the per capita daily calorie intake level hereafter. Peal is calculated as annual and 
national average and is used by the F A04 as one of the three indicators related to food 
security. The data are credible since they are generated by the FAO, and allow users to 
roughly compare the level of the food security between countries over four decades 
(South Centre, 1997). 
Peal is widely used as a representative indicator of food security although human 
nutrition is composed of several other components besides the calorie intake level. Even 
though the definition of food security has been "reflecting concerns about . . . minor 
nutrient requirements" (FAQ, 2003), Flores justifies the usage of the per capita calorie 
intake level instead of other nutrients such as protein, vitamin and fat, mentioning that the 
4 According to the South Centre, the F AO uses three indicators related to food 
security: calorie available per capita (cal/cap), the Aggregate Household Food Security 
Index (AHFSI) and the percentage of undernourished in the total population (UNNUR). 
However, the latter two are simply unavailable for most developing countries. (FAQ, 
1996c) 
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"calorie supply .. .is a fundamental indicator of the national food security" (Flores, 1997). 
Seckler and Amarasinghe state that "the single most important component of nutrition is 
calorie consumption per capita .... With reasonably varied diets, if people satisfy their 
calorie requirements, they will also satisfy their requirements for protein, minerals and 
vitamins" (Seckler and Amarasinghe, 2000). 
A study of the World Bank mentioned that "in countries in which many of the poor 
are subsistence farmers who neither sell nor buy food, food prices have no effect on food 
security" (World Bank, 1986). Kostov and Lingard, using the examples of countries in 
Eastern Europe, indicate that "the main feature of small-scale agricultural production is 
its loose, incomplete links with the market. ··· · · · In many cases, the primary aim of 
production is self-sufficiency rather than for sale. Farm efficiency is not the main issue" 
(Kostov and Lingard, 2002). In this case food security is largely determined by their 
production level, and their income level has less relationship with their level of food 
security. This study suggests that per capita income level is not as significant as Peal 
especially when describing the level of food security in a highly subsistence household 
whose members obtain a significant portion of the food from their own production rather 
than from the market. 
Peal, however, has several shortcomings. Possible problems of using Peal as the 
indicator are pointed out by the South Centre (South Centre, 1997). For example, it is 
cautioned that the average daily per capita food availability data from which calories are 
calculated by the FAO may include "wide margins of error". It is also warned that, since 
Peal is a national average, it does not give precise indications about regional or household 
10 
food security. Therefore Peal cannot accurately describe the situation in which this 
insecurity exists at the household level, even if there is a food surplus at national level. 
2. DOMESTIC FOOD PRODUCTION
Many studies have addressed the domestic agriculture as the main source of economic
growth and rural employment in countries with high agricultural population ratios 
(Mellor and Adams, 1986; Hazell and Ramasamy, 1991; FAO, 1996c). The positive 
impact of the domestic agriculture on Peal has often been shown from the perspective of 
its economic benefit for the majority of rural population. Mellor focused on the 
importance of the domestic agriculture as the source of the employment for rural poor 
populations in many developing countries, especially in which a significantly higher ratio 
of the population is employed in the agricultural sector. In addition to the promotion of 
employment, the FAO stresses that the growth of food supplies also reduces food prices 
and benefits food-purchasing households in rural and urban areas (FAO, 1996c). Hazell 
and Ramasamy, using the example of the green revolution, point out that the appropriate 
technological innovations in food production can reduce the production costs, create the 
employments among the poor farmers and thus improve the food security of the poor 
farmers. 
Even if these studies deal with the agricultural industry instead of food production, the 
products mentioned in these articles are generally the staple food crops. Therefore, it can 
be said that the large part of the domestic food production growth is the source of 
economic growth and rural employment. 
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The direction to which the domestic food production affects Peal is, however, unclear. 
Many studies state that the promotion of the export crops production and the food crops 
production have different effects on food security (Govereh and Jayne, 2003; Fleuret et 
al., 1991; Dione, 1989; Strasberg, 1997). According to these studies, the promotion of the 
export crops production can affect Peal both positively and negatively. Peal can be 
negatively affected when the export crops production is promoted so much that it 
significantly replaces the food crops production. A study conducted by Fleuret in Kenya 
reported that the substitution of the subsistent maize production to export-oriented coffee 
production in Tanta Hills in Kenya had led to the decline in the child nutritional status, 
although the coffee production helped the farmers generate higher cash incomes. Govereh 
and Jayne, on the other hand, point out that the promotion of the export-oriented crop 
production may stimulate private investments for the transportation infrastructure, 
fertilizers and other input materials in the region. As a result, fertilizers and input 
materials are made more accessible and profitable not only for the uses of export crops 
but also for domestic food crops, and private investment in transportation infrastructure 
to support cash crop activities has also raised the returns to smallholder grain production 
and grain traders' operations (Dione, 1989 and Strasberg, 1997). 
As was already mentioned, food security for subsistence farmers is more directly 
affected by their food production level, and less affected by their income level (Kostov 
and Lingard, 2002; World Bank, 1986). The study of Cour shows that almost 50 percent 
of the crops produced are still directed to the home consumption in countries in the Sahel 
region in Africa (Cour, 2001). Food security can more primarily be affected by farmers' 
own food production where there are highly subsistence farmers. 
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Plateau mentions that the higher rural population ratio has a different impact on the 
regional food security from the impact under the higher urban population ratios (Plateau, 
1995). Plateau suggested that the food distribution costs tend to rise in countries with a 
higher rural population ratio. This is because the total costs are higher to distribute food 
to each rural area located all over the country, rather than to distribute food to urban areas 
where large numbers of people live in geographically limited area. It may be indicated 
that the high rural population ratio and also probably the high agricultural population can 
be related with higher ratio of subsistence fanners5 • In other words, the food shortage 
problem with the high ratio of subsistence farmers may be more strongly caused by the 
low production technology, rather than low food demand induced by low-incomes among 
consumers. 
A weaker political influence of the agricultural sector on governmental policy has 
been a common phenomenon in the Third World, especially in African countries (Mellor, 
1986; Platteau, 1995; Rooyen et al., 1998). In many African countries, it is common to 
tax the agricultural sector while excluding it from the representation in governance. As a 
result, policies in these countries become unfavorable for the development of agricultural 
production, and result in the insufficient "reinvestments in the agricultural and rural 
sectors through infrastructure, institution development and the human capital 
development" (Rooyen, et al, 1998). According to Lipton, a large part of the investments 
in most Least Developed Countries (LDCs) had been directed toward urban development, 
and shifted the resources away from agricultural production. This "urban bias" could be a 
5 Data from the FAQ Department of Statistics (FAOSTAT) indicate that the rural 
population ratio and the agricultural population ratio in a country are generally close. 
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cause of the fundamental low-income and poverty widespread in significantly large 
portions of the agricultural population (Lipton, 1975). Research conducted by Eicher and 
Rukuni in Zimbabwe implies that the commercial farmer lobbies' strong influences on 
the government had led to the "Zimbabwe's first agricultural revolution in 1950-80", 
during which the Peal in Zimbabwe had been improving steadily (Eicher, et al, 1994 ). 
One studies examines the Structural Adjustment Programs (SAPs) introduced to many 
African countries through the 1980s and 1990s by the World Bank and the International 
Monetary Fund (IMF). Seshamani attributes the decreasing maize production in Zambia 
to market liberalization, mainly induced by the elimination of the maize subsidy in 1986, 
especially caused by the negative supply response of the small farmers who generally 
lack competent marketing skills to take advantage of market liberalization (Seshamani, 
1999). Considering that the Peal in Zambia continuously declined through the 1980s and 
1990s, this negative impact on the domestic food production presumably led to the 
aggravation of the food security in Zambia. 
Paarlberg indicates that a country's food security may rely highly on the domestic 
food production level, implying a weak relationship between the international grain 
market and food security in many developing countries (Paarlberg, 2000). In research 
conducted by Paarlberg, world grain market conditions are considered inappropriate 
indicators of the changing food security of developing countries. This is based on the fact 
that the demands for grains in many developing countries in 1974 and 1995-96 was not 
significantly low, even if these two periods were thought of as serious world food crises 
with tight grain stocks and high market prices (Paarlberg, 2000). The weak relationship 
between world grain markets and food security in many developing countries implied in 
14 
his research suggests that the food insecurity in some developing countries today cannot 
be fundamentally solved by the development of the world grain market. 
3. ECONOMIC GROWTH
As was mentioned in Chapter 1, economic growth can improve food security by either
increasing the domestic food production, or enhancing the demand for food. According to 
the FAO, "economic growth can enhance food security by increasing the individual's 
command over resources and thus their access to food" (FAO, 1996d). Therefore the role 
of economic growth on the improvement in food security can be that it contributes to 
both the domestic food production growth and the increase in food importability. A study 
of the United States Agency for International Development (USAID) concludes that the 
stunted economic growth in several African countries has been the "root cause[ s] .. . [ of 
both] inadequate food production and low capacity to import foodstuffs" (USAID, 1994). 
Some studies, however, argue that the impact of economic growth on food security 
improvement is not always positive. This is mostly because the policy of economic 
growth may result in the reduction in the public support for agricultural production. 
According to Mellor, the economic growth policy in the past was generally based on 
capital-intensive strategies and thus little effort was put into promoting the agricultural 
production growth (Mellor, 1988b). The FAO criticizes that macroeconomic policies 
adopted by many developing countries in the 1980s had often had negative impact on the 
public investment directed toward the agricultural sector (FAO, 1996d). The FAO also 
mentions that malnutrition can be highly reduced through national public action, even 
with the low national per capita income level (FAO, 1996c). Agcaoili-Sombilla and 
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Rosegrant indicate that 90 percent of the possible future drops in crop production in 
South Asian countries will be caused by the reduction in public research investment, 
while the impact of slow economic growth will account for only 10 percent (Agcaoili­
Sombilla, et al., 1996). Poulton and Dorward, using the experience of Southern African 
countries, point out that market-based economic growth does not strengthen food security 
if markets are not functioning effectively, even though market-based economic growth is 
"a critical element in ... food security" (Poulton, et al., 2002). The study by Fleuret 
(1991) implies that the policy toward economic growth may aggravate food security if 
the policy has a negative impact on domestic food production growth. 
4. TRADE LIBERALIZATION
With the comparative advantage, "the role of trade is that it allows domestic food
consumption to be met more cheaply by less costly imported supplies" for a country 
(FAQ, 1996d). The FAQ also introduces the argument that "improved food security, as 
well as efficiency gains, may be achieved more satisfactorily, even in countries where 
agriculture remains a major contributor to GDP, by shifting resources into the production 
of non - food export crops and importing staple food requirements" (FAQ, 2003). Mellor 
indicates that facilitating food imports from the food surplus countries can play a critical 
role to alleviate the food deficit in developing countries, even though domestic 
agricultural production is considered as a large source of rural employment (Mellor, 
1986). Mellor also stressed that food imports are almost inevitable especially in those 
countries in the process of economic growth and high population growth and thus with 
rapidly increasing demands for food. 
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Increasing stability is considered as another benefit of trade liberalization. The price 
stability of the domestic food market is considered as a positive consequence of trade 
liberalization. Diaz-Bonilla and Thomas state that "food trade, along with stocks, helped 
reduce the variability of food consumption in developing countries to one-third to one­
fifth of that of food production" (Diaz-Bonilla, et al., �000). Dorosh mentions that the 
promotion of trade liberalization in Bangladesh and India through the 1990s had 
alleviated the food shortage problem in Bangladesh in 1997 and 1998 (Dorosh, 2001 ). 
Dorosh pointed out the fact that rice imports from India to Bangladesh had significantly 
made up the food deficit in Bangladesh, which was mainly caused by the flood-induced 
drop in the Bangladesh's rice production, and also led to the rice price stabilization in 
Bangladesh at the same time. According to Timmer, the food price stability contributes to 
the increased household investment in productive activities rather than in stockholdings 
(Timmer, 1989). 
Several studies, however, argue that trade liberalization may also negatively affect 
food security, especially of low-income small farmers in less developed countries (FAQ, 
1996a; Ballenger, et al., 1992). The FAQ implies that trade liberalization is generally 
associated· with the decline in the domestic food price (FAQ, 2003), and thus trade 
liberalization can have a negative overall effect on food security if many of the poorest 
households are dependent on agricultural production (FAQ, 2003; Mellor, et al., 1986). 
One study stresses the negative impact of trade liberalization on food security because 
of the rising food prices in the international market. Comparatively negative impacts 
caused by the Uruguay Round Agreement on the level of the food security in some 
African countries were predicted in the analysis of the World Food Model (WFM) 
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(Greenfield, 1996). In the analysis, it was predicted that the national per capita food 
consumption level in half of almost forty low-income food-deficit (LIED) countries in 
Africa would be exceptionally aggravated by the Uruguay Round Agreement. According 
to the analysis, generally food prices in the market will rise because of the decrease in the 
production in the currently subsidized food export countries and increases in imports in 
the high-income food import countries. These price rises will deprive the low-income 
food importing countries especially in Africa of purchasing powers, while benefiting 
most of the countries in Asia and Latin America. The levels of food security in Asia and 
Latin America are generally higher than the levels in most of the African countries. 
Therefore the liberalization of food trade may lead to the expanding disparity of the 
levels of food security between developing countries. 
5. TRADE BALANCES
The surplus in the trade balance enables a country to import food and is one of the
desired goals of trade liberalization. The FAO states that "holding foreign exchange 
reserves is the best guarantee that food consumption levels can be maintained ... for 
countries relying on trade for food security" (FAO, 1996d). The United States 
Department of Agriculture (USDA) implies that a 1.3 to 2 percent increase in foreign 
exchange availability is associated with a 1 percent growth in food imports (USDA, 
1999). 
Some studies, however, argue with the positive impact of the trade balance on the 
food security improvement. Sarris indicated that a country with food deficit and 
constrained foreign-exchange can improve its food security by driving "toward self-
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sufficiency, by reducing variability of grain requirements with help [ ... ] of domestic 
buffer stocks and by improving the domestic crop information system" (Sarris, 1980). 
With the example of SAPs implemented in sub-Saharan African countries, Cheru pointed 
out that the policy to generate a foreign exchange reserve "often conflict[s] with long 
term development needs" and "the needs of small farmers ... and food security [is] 
ignored" (Cheru, 1992). 
The credit for cereal imports provided by some financial institutions including the 
IMF may alleviate the damages of the sudden sharp decline in the trade balances or the 
import purchasing power of food importing countries (F AO, 1996d). Under this system, 
Peal may be affected by the trade balances to a lesser extent. 
6. POLITICAL DISORDER/ SOCIAL UNREST
The significance of the political stability on food security is discussed in the field of
the political science. Some studies address the existence of the internal war as the 
negative factor to affect Peal. Bruck, using the studies conducted in Mozambique, points 
out that the peasant families were forced to reduce their labor supply on the farm and thus 
experienced the reduction in agricultural production during the period of the civil war 
(Bruck, 2001). Paarlberg (2000) also mentions the process in which civil conflict 6
6 The civil conflict can also affect food trade, especially in inland countries when a 
civil war or a conflict exists in neighboring countries which are located in between the 
inland countries and sea. This is because the political chaos and the consequential 
malfunction of transportation system may impede the inflow of foodstuffs to the inland 
country. 
However, since it is difficult to obtain the data about the each route through which 
foodstuff is transported, the civil war in neighboring countries is not taken into 
consideration in the following analysis. 
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generally deprives the farmers of their ability to produce agricultural products followed 
by comparatively high probability of food insecurity, implying that a healthy growth in 
the domestic food production is a critical factor for the food defi�it countries to improve 
their food security. Marchione addresses the linkage between the civil conflict and food 
insecurity by mentioning that the civil conflict can not only damage the domestic food 
production, but also make it difficult for a government to provide the "right to food by 
means of market systems" (Marchione, 1996). 
7. THE POPULATION SIZE
The population size of a country may affect the policy of food security improvement 
by the government. Ingco, et al. implies that countries with large population often pursue 
policies of food self-sufficiency (lngco, Mitchell and McCalla, 1996). According to Ingco 
et al., it is because the relative size of the amount of food available in the international 
market becomes smaller for the countries with larger population size, and thus the 
international food market is considered as less reliable source for largely populated 
countries than for countries with relatively small population sizes. 
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CHAPTER3 
CONCEPTUAL FRAMEWORK 
The contribution of this research is to measure the relative significance of the impacts 
of the domestic food production, economic growth and trade liberalization on food 
security, and how this relationship of each impact varies based on the country's 
agricultural population ratio and the population size. 
As was mentioned in Chapter 1, the country's food security can be described as the 
following formulation: 
Food security = f ( domestic food production growth, economic growth, the degree of 
trade liberalization) 
1. THE LEVEL OF FOOD SECURITY
1-1. The measurement of food security - income level or the per capita calorie
intake level 
In this research, per capita daily calorie intake level (Peal) is used as the indicator of 
food security in each country. In addition to the justification of the usage of Peal 
supported by Flores (1997), Seckler et al. (2000), and Kostov et al. (2002), the usage of 
Peal can be justified against the problem suggested by the South Centre. 
1. Even if the estimated Peal can include a certain degree of errors, the estimated per
capita income level cannot be free from the same degree of errors. Thus using the
per capita income level as the alternative indicator does not solve the problem of
the errors.
2. Although Peal may not be able to explain the difference in the food security
between internal regions and between households or individuals, there is no clear
evidence that those minor differences are always large enough to render Peal as
totally unreliable. For example when Peal increases, there is no clear evidence
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that the actual value of the change in Peal is less significant than the possibility 
that the minor difference suddenly expands and the significant number of 
population experience the decrease in Peal. 
In this research, Peal is assumed to be more appropriate than the other representative 
indicator, the per capita GDP. One reason is that the per capita GDP is not necessarily 
related with Peal especially in countries with the lower Peal and severe undemutrition, as 
is shown in later sections. Another reason is that the per capita GDP level is appropriate 
as the potential ability to obtain a certain amount of calories but is not as accurate as the 
per capita daily calorie intake level to describe food security. 
As was shown in Chapter 2, the usage of Peal is also recommended by Flores (1997), 
Seckler and Amarasinghe (2000), even if the nutritional condition can also be determined 
by the amount of many other components including protein and vitamins. 
Therefore, in this research, Peal is used as the indicator to describe the food security. 
1-2. Per capita calorie intake level and the food security
As was mentioned in the former Chapter, food security has different characteristics at
the different levels, from global, national, household and individual (Thomson, et al., 
1996; Foster, 1992; Ballenger, et al., 1992; FAQ, 1996d 3.2). The calculation of Peal is 
based on both food availability and the amount consumed as food. Peal may be 
associated with the national food security considering that the data are aggregate at the 
national level. However, the amount consumed as food may both be determined by the 
food availability and by the income distribution. In other words, Peal may not only reflect 
the national food security but also the household and individual food security to some 
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extent. Therefore, food security dealt with in this research is the mixture of the national 
food security, the household food security and the individual food security. 
2. PER CAPITA DOMESTIC FOOD PRODUCTION
2-1. Per capita domestic food production (PDFP) and Peal
Let PDFP denote the per capita domestic food production level. The growth in PDFP
can contribute to the improvement of Peal in two ways. One way is through the economic 
benefit and the other is through the increase in the food availability. 
Based on studies by Mellor, Adams (1986), Hazell and Ramasamy (1991), the growth 
in the domestic food production generally raise Peal. It raises Peal for the rural poor 
farmers through the income growth and the creation of the employments, while it raises 
Peal for the urban poor consumers through the decreases in food prices. 
With the suggestion made by Kostov and Lingard (2002), Peal of the farmers' 
household can be highly improved by their own food production growth if significantly 
large portions of their food consumptions are provided from their own food production. 
2-2. Measurement of the per capita domestic food production
The measurement of PDFP is defined in order to identify the significance of the
impact which the level of PDFP has on Peal. In this research, PDFP is measured as 
follows: 
Per capita domestic food production (PDFP): Per capita calorie intake level (cal/day) 
provided by domestically produced food crops 
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PDFP is calculated using Peal, the ratio between the domestic production, net import, 
total supply and food supply for each commodity. Food supply is described as: 
Food supply (Fit) = Op;,+ Mil+ Sit- X;,-NF;, 
i = Commodity (Commodities are based on FAQ food balance sheet; i = wheat, rice, 
... , aquatic plants) 7
t = year (t = 1961, 1962, ... , 2001) 
F;, = Food supply of a commodity (tones, FAOSTAT) 
DP;, = domestic production of a commodity (tones, FAOSTAT) 8 
Mit = the amount of a commodity imported (tones, FAOSTAT) 
Xii= the amount of a commodity exported (tones, FAOSTAT) 
Sit = the net amount of a commodity provided from stock (tones, FAOSTAT) 
NF;,= the amount of a commodity used for other utilities than food, such as animal 
feeding, seed or industrial use (tones, FAOSTAT) 
Fit+ NF;1 = total use of a commodity 
7 Complete list of commodities included is in Appendix A, "Commodity list". Food 
balance sheets provided by the FAQ include such commodities as sugar, oil products, 
vegetables, fruits, spices, stimulants and alcoholic beverages. These products may 
generally be evaluated by their unique roles or components rather than by calories they 
contain. Thus it may not be realistic to evaluate all products only by the calories they 
contain. For example, in terms of calorie production, the ability to produce 
lOO0caVperson/day of wheat and the ability to produce lO00caVperson/day of cocoa 
beans have totally different effect on country's food security condition, since no country 
consumes lOOOcaVperson/day of cocoa beans. 
However, in this research commodities mentioned above are also considered as the 
important source of calorie production. This assumption is based on several facts. First, 
one of the differences in calorie consumption structure between 1961-65 and 1997-2001 
is generally increasing per capita calorie intake from oil products mainly represented by 
soybean oil and palm oil, and sugar. Second, generally the proportion of calorie intake 
supplied by these commodities has been significantly small and has shown little change 
through 1961-2001, so that including calorie intake from these commodities does not 
affect the description of trend in total per capita calorie intake level. Third, it has been 
observed that consumption of fruit products in some African countries has been 
significantly large. For instance, per capita calorie intake from plantains in DRCongo 
have accounted for generally ten to twenty per cent and the decline in the per capita 
calorie intake level from plantains has accounted for 30 percent of total decline in per 
capita calorie intake in DRCongo. From these viewpoints, eliminating these commodities 
from total calorie consumption does not seem to be appropriate. 
8 Dp denotes the amount of the agricultural and fishery products which can be 
consumed as food. Therefore, Dp does not include the production of certain commodities 
such as the tobacco and the cotton (from which cottonseed oil had been extracted). This 
applies also to M, S, X and NF. 
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PDFP is then calculated as: 
(*) PDFP, = L ; Peal;, * DP it I (F;, + NF;,)9
Peal,= Per capita calorie intake in year t (cal/day, FAOSTAT) 
PDFP, = Per capita calorie supply from domestic food production in year t
Equation (*) describes how great a portion of calorie intake from certain product is 
provided by domestic produ�tion of that product10• Equation(*) describes how large the 
domestic per capita calorie production level is compared to Peal. Even if the food 
production is described as the aggregate weight of whole food composed of several kinds 
of crops or livestock in many other studies, PDFP in this research is described as sum of 
calories which each crop or each livestock product individually provides11 • It must be 
noticed that PDFP is always positive and can exceed Peal for both individual product and 
9 Exceptions are applied to the calculation of PDFP for some products. See Appendix 
B, "PDFP calculation". 
10 It must be recognized that PDFP is not equal to total calories produced 
domestically, because some part of calorie supply from domestic production can be 
applied to animal feed, seed for next term's production and other industrial resources. 
11 PDFP is described as the sum of calories from each product rather than the weight 
of each product. This is because different kinds of crop or Ii vestock contain different 
level of calories. For example, data from FAOSTAT suggest that one kilogram of rice 
after milled generally contains 20 - 30 percent more calories than one kilogram of wheat. 
Generally one kilogram of wheat contains two to four times more calories than main root 
crops· such as cassava, potatoes and yams. Since food in total is described as the 
conglomerate of products with different calorie containment level, sum of calorie 
containment level is used rather than sum of weight. 
Su ose count A consumes the a ricultural roducts as shown table below. 
Maize 
1,500,000t 745 
In this case, Peal = 2,500cal (/person, day), PDFP = 1,000*300,000/1,2000,000 + 
800*1,100,000/1,500,000 + 700*1,650,000/l,550,000 = 250 + 587 + 745 = 1,582cal. 
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in total, when a significantly large amount of domestically produced calories is exported 
and imported calories do not exceed the export. 
It must be noticed that the calculation of PDFP here is based on how many per cent of 
total supply of a certain product is consumed as food. For example, if 70 percent of the 
total supply of maize is consumed as food, the POPP for maize is calculated as 70 percent 
of the per capita domestic maize production. The calculation of PDFP here is based on 
the assumption that 70 percent of the maize production was originally aimed at food 
consumption, and the remaining 30 percent of the maize production was originally aimed 
at non-food consumption12• This may not be realistic since the ratio of food consumption 
and non-food consumption can be determined more by demand side factors rather than by 
supply side factors. However, this research assumes that PDFP is measured more 
accurately if this ratio is taken into consideration. For example, the 30 percent of the non­
food consumption of maize may be the important source of the economic activity and the 
income, including the livestock industry or the non-agricultural industry, and cannot 
simply be counted as the food. 
The definition of PDFP also interprets that this concept is calculated based on the 
amount of food which is consumed in individual country. In other words, domestic 
12 For instance, if 70 percent of the total demand of commodity A is as food 
consumption and 30 percent is as non-food consumption, it is assumed that 70 percent of 
the domestic production and 70 percent of the import are directed to food supply and 30 
percent of each is directed to non-food supply. 
It must be noticed that because of this presumption, this analysis may slightly lack 
actuality. For example, it can be possible in certain countries that imported cereal crops 
are used only for the feed for animals and cereal crops produced domestically are not. In 
this case, even though the calories from these cereal crops are perfectly supplied by the 
domestic production, it will not be calculated to be 100 percent because net import of this 
product accounts for a certain portion of total supply. 
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productions of some agricultural products which had not been consumed as food in 
certain period of years are not included in PDFP13 • 
2-3. The implication of concept
The methodology introduces a somewhat different viewpoint from the prevailing
viewpoint when dealing with the food insecurity problem. 
Attention is paid to the proportion that the calorie intake from each commodity 
accounts for in the total calorie intake level, and so does the importance of commodity on 
each country's Peal. For example, if wheat shares the largest proportion of the calorie 
intake source for a certain country, most of the attention is paid to wheat in that country. 
In other words, if the calorie intake level from wheat is not significantly large in some 
country, too much attention should not be paid to the change in wheat production, even if 
wheat is one of the largest calorie intake sources in the world and the trend of wheat 
production, trade, or price change is generally of serious concern in many studies dealing 
with food security. This principle is also applied to the products such as maize since a 
relatively large proportion of maize is consumed as a non-food, such as feed or other 
industrial use, in a large number of countries. 
Products such as the cotton or the tobacco have relatively smaller importance in this 
research. Even though the small portion of the cotton is considered as a calorie intake 
13 For example, sunflower seeds in China had not been consumed as food until 1977 
even though they had been produced domestically mainly to produce the sunflower seed 
oil. Thus, according to the definition, PDFP does not include the domestic production of 
sunflower seeds during the period of 1961 - 1977, although this does not mean that 
sunflower seeds had not been produced domestically during this period (PDFP includes 
the calorie intake of the sunflower seed oil during this period). 
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source basically as cottonseed oil, the trend in the cotton production is not highly focused 
on by this methodology as long as it does not account for the large portion of the calorie 
intake. 
3. ECONOMIC GROWTH
3-1. Economic growth and food security
Economic growth can contribute to the improvement in Peal both from the supply side
and the demand side. 
The low Peal is the result of either the shortage in the food production or the lack of 
the sufficient purchasing power on the demand side, or by both of these. 
The economic growth and the income growth of farmers can contribute to the increase 
in the food production level, by allowing farmers to introduce and apply new 
technologies with higher costs but with higher productivities. This impact may be bigger 
if a larger part of the lowness in Peal is caused by the low food production level. The 
income growth of the farmers is also the factor to raise the food demands by farmers, and 
thus the income growth stimulates the domestic food production growth. 
The economic growth and the income growth of the urban consumers can contribute 
to the improvement in Peal by stimulating food demands. The income growth for the 
consumers allows them to purchase more food from either the domestic market or the 
international market, and thus increases their Peal. This impact is bigger if a large part of 
the population is the urban dwellers and non-farmers. 
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As is mentioned by the FAO, Agcaoili-Sombilla, Rosegrant and Fleuret, economic 
growth can also negatively affect Peal if the macroeconomic policy leads to the 
significant reduction in the public investment toward the agricultural production growth. 
3-2. The measurement of economic growth
The per capita GDP is defined by the United Nations, Department of Economic and
Social Affairs 14, as the standard measure of economic growth. 
Let LnPGDP denote the natural log of per capita GDP. LnPGDP is used as the 
independent variable in the regression model instead of per capita GDP. The natural log 
of per capita income level is used in study conducted by the World Bank to identify a 
"poverty line" and a "famine line" (World Bank, 1986). Here it is assumed that per capita 
GDP tends to change exponentially while Peal changes linearly. In other words, per 
capita GDP can change exponentially while food production and food demand generally 
change linearly. Twice higher per capita GDP generally may generally result in less than 
twice more food production or food demand. Therefore LnPGDP is considered to be 
more appropriate as the independent variable. 
14 United Nations, Department of Economic and Social Affairs: Division of 
Sustainable Development. 
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4. TRADE LIBERALIZATION
4-1. Trade liberalization and food security
Trade liberalization can contribute to the improvement of Peal. According to the free
trade theory, the Peal in countries with food insecurity can be improved by the promotion 
of trade liberalization. 
The promotion of international trade leads a country to focus their resources into the 
specific industry or the production of the specific commodities on which the country has 
the comparative advantage (FAQ, 1996d). Countries with food shortage can grow their 
economy and increase their income levels by switching their resource allocation from the 
domestic food production into the production of other commodities or into other 
industries on which they have comparative advantages. Consequently, it is assumed that 
the increase in food imports in these countries more than compensate the decline in their 
domestic food production level and improve their Peal. 
4-2. The measurement of trade liberalization
The openness ratio (denoted as OPN hereafter) is suggested as a rough indicator of the
degree to which a country is integrated into the international market (Hutbauer, et al, 
1998). OPN is the country's share of imports and exports combined relative to its GDP. 
The indicator can be greater than one. OPN is used to examine how Peal is affected by 
the openness of a country's market to the international market. 
In addition to OPN, this research includes per capita trade balance with food import 
extracted, denoted as PTRB hereafter, as another indicator of trade liberalization. The 
inclusion of PTRB is aimed at examining whether the surplus in the trade balance is 
30 
necessary to improve Peal, or the deficit in the trade balance has a negative impact on 
Peal. It must be noticed that PTRB is based on the trade balance before the equivalent 
value of food import is extracted, and is not based on the simple difference between total 
merchandise export ( 1995US$) and total merchandise import (1995US$). Therefore 
PTRB measures the ability of an individual in a country to import food15• The increasing 
surplus in PTRB is generally considered as a primary benefit of trade liberalization for 
many food deficit countries, even if the large surplus in PTRB is not always the necessary 
consequence of trade liberalization. 
The possible benefit of trade liberalization for developing countries may not only be 
the increase in the ability to import food. However, PTRB as the ability to import food, is 
still used as an indicator of trade liberalization in this research. According to the PAO, 
"the amount of foreign exchange available to pay for necessary food imports, is a key 
determinant of the national food security" (FAQ, 1996d 3.2). PTRB is presumably a 
representative and influential indicator of "the amount of foreign exchange available to 
pay for necessary food imports", even if they are not identical. In many countries with 
food insecurity, the level of domestic food production is not high enough so that the 
surplus is exported to the international market. If the liberalization of food trade is used to 
improve Peal for these countries, their policy may generally be directed to obtain the 
foreign exchange and create a surplus in the trade balance to make a room for food 
import. Thus examining the impact of PTRB on Peal is appropriate to examine the impact 
of trade liberalization on the improvement of Peal. 
15 However, PTRB is not the only description for the ability of a country to import 
food. It is possible for a country to import foodstuffs if it has enough GDP level, even if 
PTRB is not largely positive enough. 
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PTRB is used in addition to OPN because the positive PTRB may be the common 
desired goal under the promotion of the trade liberalization for countries with food 
shortage. On the other hand, OPN is a more general indicator of trade liberalization and 
this is used because the consequence of trade liberalization is not only the increase in 
PTRB and thus OPN may affect Peal through other paths than PTRB. For example, OPN 
may lower the price of imported fertilizers or machinery and thus contribute to the 
increase in the domestic food production. In this situation, Peal may improve without 
significant changes in PTRB. Therefore, OPN is used separately with PTRB. 
5. THE AGRICULTURAL POPULATION RATIO AND THE POPULATION
SIZE 
Under a high agricultural population ratio, as was mentioned before, the domestic 
food production growth tends to have more impact on the improvement of Peal than 
economic growth and trade liberalization have. On the other hand, economic growth and 
trade liberalization tend to have a stronger impact on Peal under a lower agricultural 
population ratio. 
The population size of a country may influence how strongly PDFP affects Peal, or 
how the government's food policy is directed toward more to the domestic food 
production or more to food import. As was mentioned in Chapter 2, Peal in countries 
with large population sizes may be determined by PDFP more strongly. This is because 
countries with large population sizes tend to pursue the food self-sufficiency and thus 
tend to grow the domestic food production in order to improve their food security. This is 
also because it may be more difficult for a country with a large population size, to make 
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up the food deficit by food imports, than for a country with a smaller population size. 
This implies that Peal in countries with larger population sizes are more strongly affected 
byPDFP. 
It is estimated that population growth in developing countries will be higher than 
developed countries through 2010 (Alexandratos, 1995). This roughly indicates that 
population sizes relative to the size of the international food market in countries with 
food insecurity today are expected to be larger in the future compared with the population 
sizes in countries with less food insecurity, unless it grows as fast as the population sizes 
in these countries with food insecurity. With this estimation and the above mentioned 
hypothesis, it can be assumed that the impact of the domestic food production level on 
Peal in those countries becomes larger and stronger in the future. 
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CHAPTER4 
METHODS AND PROCEDURES 
1. MODEL SPECIFICATION
1-1. Variables
Five independent variables are used to explain the dependent variable, Peal. The
following is the definitions and measurement of the variables being used. As was 
mentioned in Chapter 3, PDFP represents the domestic food production level, LnPGDP 
represents economic growth, OPN and PTRB represent trade liberalization, and WAR 
represents political unrest. 
i = country 
j = group 
t = year 
Dependent variable: 
Pcalijt: Per capita calorie intake level (cal/day, average in each year) 
(i = country;j = 1, ... , 9, OPEC; t = 1961, ... , 2001) 
Independent variables: 
PDFP;jt: PDFP of country i in group j, in year t. 
LnPGDPijt: Natural log of per capita GDP (Constant 1995 US$)16
OPN;jt: The openness of the domestic market to the international market (= (Total 
merchandise export+ Total merchandise import) (Constant 1995 US$)/ GDP) 
PTRBij1: Per Capita Trade balance available for food purchase from abroad (= [Total 
merchandise export - (Total merchandise import - Food import)] 17 / population,
Constant 1995 US$) 
WARijt: Dummy variable for the year of civil war (Yes = 1, No = 0)1 8 
Individual variables include a dummy variable for the existence of the civil war, since 
the impact of civil war on Peal may be significantly large so that Peal can be affected by 
16 World Development Indicator, World Bank. 
17 FAOSTAT. Data for total merchandise export, total merchandise import and food
import were all described by contemporary US$. Thus, they were calculated converting 
the value of US$ in each year into the value of US$ in 1995. 
18 Peace Pledge Union Online website (http://www.ppu.org.uk/war/countries). 
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the existence of civil war outside of the other independent variables. Therefore the 
inclusion of this variable can make the result more accurate. 
1-2. Functional form
The original model is basically formulated as:
It is assumed, by using this model, that the dependent variable is linearly related with 
each independent variable individually. This assumption is held even though this may not 
be the most accurate model, since the model has not been clearly specified and developed 
in the past studies to compare the significance of the impact that each independent 
variable has on Peal. The objective of this research can be achieved by the comparison of 
the sign and the significance of each estimator p. 
The model assumes that Peal in year t is explained by the independent variables of the 
same year. The other factors, including the stock changes may have lagged impacts on 
Peal; thus this assumption may not be fully realistic. However, the span of the lag is 
difficult to identify and describe in the model. Therefore, the presented form is used. 
2. DATA
2-1. Sample of countries
Countries in this research are selected by the following standards:
1. A Country with the population size of more than 1 million in 2001.
2. A Country whose Peal was or is below 2,400 cal/day in at least one year between
1961 and 2001 19 •
19 Due to the unavailability of data, Somalia, Iraq and Afghanistan are not included. 
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The cutoff point of the population size is set to select the countries whose food 
security change can significantly affect the size of the undernourished population in the 
world. Besides, since the unit used in this analysis is the country and not the population, 
the inclusion of countries with significantly small population may skew the results of the 
analysis. Therefore it is appropriate to set a cutoff point to the population size. 
The cutoff point of 2,400 cal/day is used to identify countries which have had 
experienced undernutrition with a certain level of prevalence. Based on the regression 
analysis conducted by the author, it is estimated that Peal and the ratio of undernourished 
population in a country have a strong relationship (see APPENDIX C. Peal and the 
undernourished population ratio). According to the Equation 1 shown in Appendix C, a 
country is expected to have approximately 20 percent of its population undernourished 
with Peal of 2,400 cal/day. Since. this research exclusively focuses on the countries with 
food insecurity conditions, the countries without significant prevalence of undernutrition 
are not included. This is based on the assumption that Peal in well-fed countries may be 
affected more by the other factors like people's preference or the health concerns, rather 
than those factors used in this research such as the domestic food production or the per 
capita GDP. 
With these two selection standards, this research covers approximately the population 
of 4.7 billion which is 97 percent of the population in all developing countries in 2001 
(FAOSTAT, 2001). 
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2-2. Grouping of countries
Ninety-nine countries are classified into nine groups based on each country's average
population size and average agricultural population ratio(%) during 1961 to 2001. Three 
reasons explain this classification. 
(1) Both the population size and the average agricultural population ratio (%) tend
to change steadily without significant irregularities. Therefore they may not be
appropriate for being used as the independent variables in the regression, even
though these two factors are thought to have significant impacts on the
government's food security policy.
(2) A country's population size may have significant impact on a government's
decision about the desired level of the dependence of its food security on the
international market.
(3) The agricultural population ratio (%) may have a significant impact on the
government's decision about the relative importance of the agricultural policy to the
others. For example, a larger agricultural population ratio may lead to strong
political power in rural areas and the domestic agricultural industry, and thus let the
government put more weight on the domestic food production.
All the groups are listed in Table 1. 
Even though the estimated impact of the population size is described in (2), there is no 
clear and reasonable level of the population size which can be used as the border line. 
Therefore, here the method is that all countries are put in order based on the average 
population size, and categorized into three groups so that the most-populated group 
contains one-third of the countries from the top, and the medium group contains the next 
one-third countries, while the remaining countries belong to the least-populated group. 
Each of three groups is then divided into another three groups based on the average 
agricultural population ratio in each country. The borders here are set at 50 percent and 
75 percent. 
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Table 1. Groups in regression 
Higher agricultural population 
ratio*� 75%) 
More 
population* 
i 
11,482,000 
10,968,000 
! 
i 
4,504,000 
4,366,000 
! 
Less 
population* 
Nepal 
Ethiopia (PDR) 
Uganda 
Tanzania 
Kenya 
, Mozambique 
(Myanmar)** 
I 
I Rwanda 
Burundi 
Burkina Faso 
Niger 
Guinea 
Mali 
Chad 
Malawi 
, Madagascar 
Senegal 
Angola 
Zambia 
Cambodia 
(Somalia)** 
Group 7 
Guinea-Bissau 
Papua New Guinea 
Gambia 
Central Africa 
Laos 
Eritrea 
Liberia 
94 
90 
86 
85 
82 
80 
76 
93 
93 
92 
91 
90 
88 
87 
84 
81 
80 
76 
76 
76 
78 
' 87 
84 
84 
84 
79 
78 
76 
I 
China 
Viet Nam 
Sudan 
Bangladesh 
DRCongo 
Thailand 
India 
Pakistan 
Ghana 
Indonesia*** 
Egypt 
Morocco 
Nigeria*** 
1 Sri Lanka 
Philippines 
(Af: hanistan)** 
Zimbabwe 
Haiti 
Cameroon 
Yemen 
Cote d'Ivoire 
Guatemala 
Bolivia 
c;roup 8 
Sierra Leone 
Mauritania 
Benin 
Togo 
Botswana 
Gabon*** 
Namibia 
1 Albania 
Honduras 
Republic of Congo 
Paraguay 
74 
74 
73 
72 
71 I 
64 
63 
62 
60 
56 
55 
55 
54 
52: 
51 I 
73 
72 
71 
70 
69 
66 
59 I
50 
71 I 
70 
I 70 
69 
64 
63 
63 
! 59
57:
56
50
Lower agricultural population 
ratio*(< 50%) 
Peru 41 
Algeria*** 40 
Iran*** 39 
Mexico 39 
Colombia 37: 
Brazil 35 
South Korea 31 
i Uzbekistan 30 
Chile 22 
Venezuela*** 20 
(North Korea)** 45 
(Iraq)** 32 
1 Ecuador**"' 43 
Syria 42 
Saudi Arabia*** 40 
Tunisia 39 
Dominican Republic 37 I 
Tajikistan 36 
Azerbaijan 28 
Kyrgyzstan 28 
Georgia 22 I 
Croatia 11 I 
(Cuba)** 27 
c;n\np (} I 
EJ Salvador 49 
Lesotho 41 
Nicaragua 40 
Mongolia 40 
i Panama 36 
Costa Rica 35 
Turkmenistan 35 
Jamaica 30 
Libya 25 
Jordan 23 
Macedonia 16 
Lebanon 15 
Armenia 14 
Trinidad and Tobago 14 
(Bosnia Herzegovina)** 7 
Kuwait 2 
*Average through 1961 to 2001. **Due to the unavailability of data, entire period of these countries is excluded
from the regression. •••OPEC countries.
Source: FAOST AT
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The level of 50 percent can be explained as the border line by which all countries are 
divided into groups based on whether the agricultural population has been the majority of 
the whole population in the country and thus the agricultural population has had 
significant influence on the government policy through 1961 to 2001. The level of 75 
percent is set as another border with the assumption that the proportion of subsistence 
farmers may be significantly high in those countries with the agricultural population ratio 
of more than 75 percent, and vice versa. It is clear that, the result obtained from the 
following analysis has a certain level of limitation, and may change depending on the 
way of the grouping, because of this assumption on which the way of the grouping of the 
countries is based. 
Countries which belong to the Organization of Petroleum Exporting Countries 
(OPEC) are categorized as tenth group20• The OPEC countries had generally experienced 
the large increase in their PTRB in the mid-1970s to the beginning of 1980s. Therefore 
the identification of the significant factors on Peal in the OPEC countries can typically 
describe how PTRB affects food security, and whether PDFP is still a significant 
contributor to improve Peal under the highly positive PTRB level. 
Peal and data used to calculate PDFP, PTRB and OPN are based on the data of the 
FAOSTAT. The data of per capita GDP (1995US$) are obtained from the World 
Development Indicators of the World Bank. 
20 Ecuador and Gabon had been the OPEC members in 1973 - 1992 and 1975 - 1994, 
respectively. However, data of Ecuador and Gabon in 1961 - 2001 are included in the 
analysis. 
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3. MODEL SPECIFICATION
3-1. Panel data analysis
The analysis of the effect of the aforementioned five independent variables on the
change in Peal requires both time-series analyses on one country and cross-section 
analyses between countries. These data are termed as pooled time series, cross-section 
data, or more simply as panel data (Ramanathan, 2002). Therefore, a panel data analysis 
is used in this research. 
The estimated equation is originally as follows: 
Pcalur = ai + Pio*PDFPijt + Pi1*LnPGDPift + Pi2*0PNijt + Pi3*PTRBijt + Pi4*W ARijt + Uijt
------- (1)
(i = country,j = group, t = year) 
The error component Uijt is composed of µij and v ijt· µij "denotes the unobservable 
individual specific effect and Vij denotes the remainder disturbance" (Baltagi, 2001). µij is 
the error component based on the cross-sectional part, and Vijt is the error component 
based on the time-series part. 
µii plays the role as the constant term which is specific to the country i. µu is used to 
take into account the effect of more indigenous characters of the country, such as the land 
fertility level and the potential production ability. Since it is thought to represent the 
indigenous characters of the country, µ;i is constant and assumed not to vary depending 
on the time t. 
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3-2. Autocorrelation
Since the model includes the time-series analysis, the presence of the autocorrelation
problem is highly predicted from the original model (1). 
Durbin-Watson statistics suggests that there is a strong indication of autocorrelation 
problem in all groups based on the first regression with the formula ( 1 ). Baltagi (2001) 
assumes that under the presence of the autocorrelation, the v ijt is serially correlated while 
the µij follows µij - IID (0, o/). 
With this assumption, Baltagi suggests that the autocorrelation problem can be solved 
by including the autoregressive (AR) term in the model. The original form of the model 
with the fixed effects is described as: 
Yit = a; + Xit J3 + u;, 
Uit = µ, + Vit 
This model can be transformed into 
Yit = a; + Xit J3 + u;, 
Uit = µ, + Vit 
Vit = p Vit-1 + Bit 
where p is the first order serial correlation coefficient. It can be noticed that p is set to be 
common and is not specific to i.
3-3. Model estimation
The model is estimated using the Eviews 4.1, the econometric software produced by
the Quantitative Micro Software, LLC. The method of the panel data estimation is 
described in Eviews 4 user's guide, p.553 - p.558 "Technical Discussion". 
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With Eviews 4.1, the unique method is used to estimate the model including the 
autoregressive (AR) term. See Appendix D, "the estimation of the model with AR(l) 
term". 
After the inclusion of AR(l) term, the model is transformed into the new model: 
Pcalijt = p/Pcalijt-t + (PDFPijt - p/PDFPijt-t)*Pio + (LnPGDPijt - p/LnPGDPij1-1)*�1 +
(OPNijt - p/OPNijt -1)*Pi2 + (PTRBijt - p/PTRBij1-1)*Pj3 + (W ARijt - p/W ARij1-1)*Pj4 
+ Eijt
where Pi is the first order serial correlation coefficient for the group j. 
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CHAPTERS 
INTERPRETATION OF THE RESULT 
1. SUMMARY OF THE RESULT
The summary of the regression result is shown in Table 2. The constant term for each
country is not included in the table since it is not related with the objective of this 
research. Table 3 shows the calculated elasticity of each variable for each group. 
Highly significant estimators for AR(l) term imply that the error terms are serially 
correlated. This suggests that the specified model may not be accurate enough. Therefore 
the result is interpreted with the consideration of this fact. 
From Table 2, the following facts are indicated about the effect of each independent 
variable on Peal. 
(1) PDFP has significantly positive effect on Peal in all groups. PDFP seems to have
larger and more significant effect on the Peal in the groups with higher
agricultural population ratios, especially in the groups with larger population
sizes.
(2) LnPGDP has generally positive effect on Peal. However, LnPGDP does not seem
to have significant effect on the Peal in group with higher agricultural population
ratio and larger population size such as Group 1, 4 and 521•
21 In Group 4, it is significant at the .10 level, however not significant at the .05 level. 
43 
Table 2. 
PDFP 
(cal/day) 
LnPGDP 
(199SUS$) 
OPN 
(%) 
PTRB 
(199SUS$) 
War 
AR(l) 
AdjR2 
Log Likelihood 
F 
�-
- , 
J,,. - .,, 
0.89 0.93 0.94 0.89 
09.89) (56.24) (58.93) (41.31) 
0.948 0.962 0.964 0.899 
-737.7 -3226.6 -1867.1 -2684.7 
527 .94 2951.3 1582.1 838.0 
Significant at least at the .10 level 
Insignificant at the .05 level 
0.81 0.94: 0.85 
(24.20) (40.41) l (23.62)
0.927 0.955 0.870 
-1370.4 -1419.4 -1227.8 
475.9 1044.9 284.7 
0.89 
_(35.41) 
0.888 
-2305.9 
629.8 
-.--
0.85 : 0.95 
(40.3 ) : ,(67.68) 
0.946 : 0.971 
-2533.6 : -1694.8 
1519.8 : 2017.1 
* Numbers in the table are coefficients. Numbers in parenthesis under coefficients are statistical t-values
for each estimator.
T1!_ble 3. Elasticity of the impaC'l of each factor 
Significant at least at the .10 level 
Insignificant at the .05 level 
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.138 
-.002 
.029 
.110 .089 .066 .076 
(3) OPN has significantly positive effects in some groups but does not have them in
the other groups. PTRB does not have significant effect on Peal except Group 3
and Group 522 . Even in the OPEC countries, where several of them had seen the
drastic rise in PTRB through the mid-70s to the beginning of 80s, PTRB has not
significantly affected Peal. In Group 3 and Group 5, PTRB seems to have a rather
negative impact on Peal.
( 4) The existence of civil war (WAR) does not have significant effect except group 3,
group 4.
2. INTERPRETATION OF THE RESULT
2-1. Per capita domestic food production
Per capita domestic food production (PDFP) seems to be the most important factor to
improve Peal, since PDFP is the only factor which is significant in all the groups 
regardless of the agricultural population ratios. This means that even in the countries 
where more than half of the population is non-agricultural population and pure consumers 
of food, the increase in the domestic food production has led to the improvement of Peal. 
In large population groups and medium population groups, the impact of PDFP seems 
to become stronger and more significant as the agricultural population ratio rises. As was 
hypothesized in the previous chapters, Table 3 indicates that PDFP impacts Peal to a 
larger extent and more significantly in large population groups than medium population 
groups. 
22 In Group 6, it is significant at the .10 level. 
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2-2. Economic growth
Economic growth seems to have positive effect on Peal in many groups, especially
groups with lower agricultural population ratios. This result suggests that an increase in 
per capita GDP, more broadly economic growth, should be considered as an important 
factor to improve Peal when significantly large proportions of population are not engaged 
in the agricultural industry and thus pure food consumers. 
However economic growth is not as significant as PDFP, especially in countries with 
high agricultural population ratios. In other words, per capita GDP may not improve Peal 
if significantly large portions of population, for example more than 75% in this analysis, 
are engaged in the agricultural industry and thus most of them are engaged in food 
production. 
It is assumed that the significance of effect of per capita GDP on Peal is less clear in 
countries with high agricultural population ratios. The higher agricultural population ratio 
suggests that the agricultural industry is composed more of subsistence farmers in which 
farmers produce food for their own consumptions on the farms, and those farmers depend 
less on the food coming from the market outside. It can be noticed that, under this 
system, Peal is affected more by a farmer's own per capita food production level, rather 
than their purchasing powers. Some countries with high agricultural population ratios and 
with the decreasing Peal, such as Kenya and Burundi, have actually seen growth in their 
per capita GDP. 
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2-3. Trade liberalization
The openness of the domestic market (OPN) and per capita trade balance (PTRB)
seem to have significant effects on Peal in some groups. However, the impacts of these 
two factors .are not commonly significant, and are not strongly related with the 
agricultural population ratio and the population size. 
In groups where OPN is significantly positive, OPN may have contributed to the rise 
in Peal in two ways. In one way, OPN has accelerated economic growth which has 
increased the purchasing power for the food in either the domestic market of the 
international market. In another way, OPN may have directly contributed to the growth in 
domestic food production through the increasing imports of production input materials. In 
the latter path, economic growth may not be as evident as the domestic food production 
growth. Considering that LnPGDP has less significant impact on Peal in Group 4 
compared with Group 3, 6 and the OPEC countries, OPN has contributed to Peal increase 
more through the increasing demand for food in Group 3 and 6, and more through the 
increasing productivity in Group 4. The impact of OPN in the OPEC countries may be 
similar to those in Group 3 and 6; however the impact of PDFP in the OPEC countries is 
stronger and more significant than in Group 3 and 6. The impact of OPN on Peal is 
unclear in the other groups. 
The impact of PTRB on Peal is commonly weak and unclear, and is not significantly 
positive in any group. The weak relationship between PTRB and Peal can be explained 
by the following reasons. (1) Even though a large part of the increase in Peal in 1970s 
had come from increasing net food imports except in Indonesia, some countries like Iran, 
Saudi Arabia, Ecuador and Indonesia had succeeded in raising or maintaining Peal by 
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increasing PDFP, in spite of the generally declining PTRB during 1980s. Some OPEC 
countries with large populations, for example Indonesia, the large surpluses in trade 
balances might have largely been offset by their population sizes. (2) Countries such as 
Angola, Botswana, Republic of Congo and Papua & New Guinea, have not seen 
significant improvements in their Peal even though their PTRB have generally been 
highly positive. Angola, Botswana and Republic of Congo had all seen significant 
declines in their PDFP through 1970s to the present. 
The result in Group 5 suggests that PTRB may lower Peal. PTRB can have negative 
impact on Peal if the creation of the large surplus in PTRB is accompanied by the 
significant decline in PDFP. In other words, Peal can decline if a large part of resources, 
such as lands, capitals and labors, are shifted to the non-food productions, even if the 
consequent increase in PTRB can increase the food imports. 
It is implied that trade liberalization does not clearly contribute to the improvement in 
Peal compared with the contribution of the domestic food production growth and 
economic growth. 
2-4. Political unrest
The existence of civil war probably had negative impact on Peal in Group 4. It is
significantly positive in Group 3. However the impact is generally insignificant. 
The possible reason of this insignificance is that the condition under civil war such as 
the severeness or the frequency of fighting and its effect on food production or the 
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economic activity vary rather than stay at the same level. Therefore the dummy variable 
may be unable to accurately describe those conditions23• 
3. OVERALL IMPLICATION FOR THE ALLEVIATION OF SEVERE FOOD
INSECURITY 
3-1. Overall implication
In large population and medium population groups, it seems that Peal is affected by
more factors as the agricultural population ratios decline. In large population groups, Peal 
is affected only by PDFP in Group 1, by PDFP and LnPGDP in Group 2, and by PDFP, 
LnPGDP and OPN in Group 3. In medium population groups, even though it is not as 
clear as large population groups, the impact of PDFP on Peal becomes weaker and the 
impacts of LnPGDP and OPN on Peal become relatively stronger as the agricultural 
population ratio declines. This result implies that the impacts of domestic food 
production, economic growth and trade liberalization on Peal vary according to the 
agricultural population ratio of the country. More precisely, the higher a country's 
agricultural population ratio is, the stronger the impact of domestic food production is 
and the weaker the impacts of economic growth and trade liberalization are. Conversely, 
as the agricultural population ratio declines, the impact of the domestic food production 
23 In Group3, most of the countries which have experienced civil war had increased 
the net food import and food supply from stock at the beginning year of the period of 
civil war. Per capita GDP level at the time of war was significantly different between 
these countries and the other countries like many of African countries with civil war. 
Countries with the low per capita GDP had their Peal affected mainly by PDFP. For 
example, Nigeria, one of the OPEC countries with the significantly low per capita GDP 
has had several years of the civil war. However Nigeria's Peal during the civil war seems 
to have been affected mainly by PDFP, regardless of the existence of the civil war. 
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growth becomes weaker and less significant even though it is still significantly positive, 
and the impacts of economic growth and trade liberalization become stronger and more 
significant. 
These implications to some extent conform to the conceptual framework in Chapter 3. 
A higher agricultural population ratio indicates that the domestic food production 
growth can enhance the income level and thus the purchasing power of the majority of a 
country's population, and can also significantly increase the food consumption level of 
subsistence farmers who may comprise the large portion of the population. 
As the non-agricultural population ratio rises, the ratio of pure food consumers 
increases. Under this shift, the impact of the income level on Peal becomes stronger. This 
is because the proportion of the subsistence food consumption may decline and the 
foodstuffs are consumed more through the market, in which individual's income level as 
the purchasing power determines the food consumption level. 
3-2. The implication for the countries with severe and widespread food insecurity
The more severe food insecurity today generally exists under specific agricultural
population ratios and population sizes. Table 4 presents the distribution of countries 
based on the agricultural population ratio and the population size in 2001, and respective 
Peal level through 1997-2001. Figure 1 shows the cumulative distribution of countries, in 
which countries with more than 50 percent of agricultural population ratio are categorized 
into Groupl, 5 and Group2, 4, 7 and 8, since PDFP is the only significant positive factor 
for Peal in Group 1 and 5. 
50 
Table 4. Distribution of countries among groups in 2001 
X-axis: Per capita calorie intake level (average through 1997-2001) (cal/day)
Y-axis: Number of countries in each, rou with the a icultural o ulatfon ratio in 2001
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Figure 1 illustrates that countries with low Peal today are more distributed in group 
with more than 50 percent of the agricultural population ratio. It is shown that fifteen out 
of sixteen countries (94 percent) in Group 1 and 5 have Peal of lower than 2,400 cal/day. 
In Group 2, 4, 7 and 8, although the proportion is lower than in Group 1 and 5, still 
twenty-one out of twenty-nine countries (72 percent) have Peal of lower than 2,400 
cal/day. On the other hand, Peal is below 2,400 cal/day in only nineteen out of fifty-five 
countries (35 percent) in Group 3, 6 and 9, in which both economic growth and trade 
liberalization seem to have significantly positive impact on Peal. It generally takes time 
for a country to decline its agricultural population ratio. Therefore, it is not expected that 
countries in high agricultural population ratio will soon go into the category of the lower 
agricultural population ratio. Therefore domestic food production should be highlighted 
more than economic growth and trade liberalization in the process of improving per 
capita calorie intake level, especially in the countries with severe food insecurity and the 
widespread undernutrition. 
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CHAPTER6 
SUMMARY AND CONCLUSION 
1. OVERALL SUMMARY
Many factors need to be taken into consideration to identify effective solutions for the
improvement of food security. These factors can be explained by economics, politics, the 
environmental issues, or something else besides domestic food production level. Food 
security has been more and more recognized as multifaceted problem (FAO, 1996a), 
rather than simply the matter of the amount of food supply and population. Food security 
has been approached from wider variety of aspects than it was in the past, with increasing 
numbers of factors having been recognized as the forces that possibly affect food security 
(Maxwell, 1996). One of the aspects with the increasing attention is related with the 
social and economic environments, mainly represented by economic growth and trade 
liberalization. 
Food security can presumably be improved not only by the domestic food production 
growth but also by economic growth and by trade liberalization. Policymakers have been 
provided with more options to choose to improve food security, as economic growth and 
trade liberalization become increasingly recognized as the effective ways to improve food 
security. To have more policy options to improve food security would be a better 
situation for a government rather than to have the domestic food production growth as the 
only one option. The promotion of economic growth and trade liberalization set out in the 
Rome Declaration can therefore be considered desirable. 
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The primary objective of this research was to compare the significances of the impacts 
of these .three factors on the improvement of a country's per capita calorie intake level, 
and how the relative significances would change based on the agricultural population 
ratio and the population size of the country. The concept of per capita calorie intake level 
to some degree, though not perfectly, reflects food security at each of national level, 
household level and individual level. The result of this research was therefore expected to 
provide policy makers with certain extent of the insight into the most effective way to 
improve food security at these three levels. 
Results of this research clearly suggest that the impacts of these three factors vary 
under different characteristics of the country. They also suggest that one policy improves 
food security more efficiently than other two policies do, under specific characteristics of 
the country. Overall, results of this research emphasize the importance of the 
identification of the most effective policy among three aforementioned policies to 
improve food security. 
One indication about the identification of the most effective policy was given about 
the domestic food production. Results of this research imply that domestic food 
production growth is an important factor to improve food security regardless of the 
agricultural population ratio and the population size of a country. It is also implied that a 
large part of food insecurity today exists under a situation in which the domestic food 
production growth is more exclusively the key factor to improve per capita calorie intake 
level, if compared with economic growth and trade liberalization. 
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2. THE LIMITATION OF THIS RESEARCH
The limitations of this study are related with the data, the method of the grouping of
countries, and the model. 
Even though the usage of the data of national average was justified in chapter 3, it is 
not assured that the improvement in Peal always means the same degree of the 
improvement in individual inhabitants' per capita calorie intake level. Since this research 
is based on the national average data, although the result may be useful for the 
improvement of food security at national level, more precise and thorough research is 
necessary to be useful for the policies directed toward the improvement of food security 
at household or individual level. 
The results of this research may be influenced by the criteria by which countries are 
selected and grouped. Some countries may be added or dropped if different criteria are 
used. Therefore the results may change significantly. 
The same model was used for all the groups in order to facilitate the comparison of the 
significance of the impacts of each factor. This may ignore the possibility that the 
suitable model for each group is different. 
3. SUGGESTION FOR FUTURE RESEARCH
The model can be more accurately specified by including more factors which
presumably affect Peal. The domestic food production, economic growth and trade 
liberalization may not be the only factors. 
The model specification with the random effects model instead of the fixed effects 
model can be interesting. 
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The relationship between the agricultural population ratio and the degree of 
subsistence in the farmer's food consumption should be tested. The result of the test will 
be useful to examine the accuracy of the implication of the result of this research. 
A theoretical background can be established. The empirical data imply that domestic 
food production is generally significant factor to affect food security and becomes a more 
exclusive factor under a higher agricultural population ratio and a larger population size. 
The results of this research based on the empirical data may suggest that the per capita 
calorie intake level has been able to be improved mainly by the growth of per capita 
domestic food production. Thus it indicates that food security can be improved by mainly 
developing the domestic food production level in the countries with food insecurity 
today. 
However, this result does not prove that this is the best way to improve food security 
and to solve the food insecurity problem. The result of this analysis may be highly 
affected by a specific economic system through the period of the analysis, and thus may 
be different under different economic systems. For example, although the results of the 
research imply that the impact of trade liberalization may be weaker than domestic food 
production, it is not clear whether this result is because trade liberalization can not 
contribute to the improvement of food security, or simply because trade liberalization had 
not been so common during the period of the analysis. The latter possibility can not be 
denied since it is true that the trade of most of the agricultural commodities had not been 
significantly liberalized until recently. Under this circumstance, the result of this research 
may not be applicable in the future if trade liberalization is going to be_highly promoted 
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worldwide. The establishment of a theoretical background can therefore be helpful to 
examine the universality and consistency of the implication of this analysis. 
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Dates 
Source: FAOST AT 
APPENDIX A. Commodity list 
Rice 
Millet 
Su arcane 
Groundnuts Sunflowerseed Rape & Mustard 
seed 
Cotton seed 
Ra e&Mustardseed oil 
Sesameseed oil 
Maize Germ Oil Oil cro s, oil, other 
V etables 
Onions Ve etable, other 
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APPENDIX B. PDFP calculation 
Exception in the formula of PDFP 
Exceptional method is applied for some commodities (Commodity list is on Table 6). 
These commodities are unique since the FAOSTAT treat them as different products even 
if one of the two commodities is the processed commodity of the other. In the 
FA OST AT, the supplies of these processed commodities are described by the same 
categories as their raw materials, such as the domestic productions, the imports, the 
exports and the stock changes. 
This method is not appropriate when used to calculate the per capita domestic food 
production in this research. For example, a country may produce soybean oil totally 
domestically, from all imported soybean. In this case, it seems that calorie supply in the 
shape of soybean oil comes from domestic production according to the method described 
in the research. However, since all soybeans are imported from abroad, it is more 
appropriate to consider that calorie is totally imported. In some countries large part of the 
raw material from which another commodity is processed is supplied largely by the 
import. Thus the contribution of the domestic production on calorie supply from 
processed products becomes weaker. 
The exact proportion between domestic production and the import of raw materials, 
with which oil products are domestically produced, is not accurate due to the 
unavailability of data; therefore certain assumption must be applied in the calculation. 
In this research, it is calculated as follows: 
Suppose domestic production of a processed product i is composed of a raw material r
domestically produced, supplied from stock, and imported. 
DPit = DPdit - DPxit + DPsit+ DPmit 
DPit = Domestic production of i
DPdit = Domestic production of i based on domestically produced r in the same year 
DPx;, = Imaginary domestic production of i based on exported r in the same year 
DPs;, = Domestic production of i based on r provided from stock 
DPm;, = Domestic production of i based on imported r
DPd;,, DPx;,, DPs;,, DPm;, are assumed to be as follows respectively: 
DPdit = dr1 I (dr1 - Xrt + sr1 + mr1)*DP;, 
DPx;, = Xrt I (dr1 - Xr, + Sr, + mr1)*DPit 
DPs;, = Srt I (dr, - Xrt +Sr,+ mr,)*DPit 
DPmit = mr1 I (dr1 - Xrt + Sr, + mr,)*DPit 
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Table 6. Commodities with the exce tional PDFP 
Sugar Sugar Cane, Sugar Beet 
Soybean oil Soybean 
Groundnuts oil Groundnuts 
Sunflowerseed oil Sunflowerseed 
Rape and Mustard seed oil Rape and Mustard seed 
Cottonseed oil Cottonseed 
Palmkemel oil Palmkemel 
Sesameseed oil Sesameseed 
Olive oil Olives 
Ricebran oil Rice 
Maize germ oil Maize 
Wine Grape 
Beer Barley 
Source: FAOST AT 
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where d
rt 
tones of r is domestically produced, x,, tones of r is exported from the 
domestic production drt, s
r1 
tones of r is provided from stock and m
r1 
tones of r is 
imported. 
Here it is assumed that export of oil products is provided all by domestic production 
and none of the imported oil products would be exported. In the same way, it is assumed 
that imported raw materials account for certain proportion of the total raw materials even 
in the situation where net import of raw material is negative meaning more export than 
import of that raw material. 
According to this definition, domestic production of oil products from calorie 
perspective must be DPd;,, not DP;,. 
Under the assumptions and concepts mentioned above, the PDFP for these 
commodities are described as follows: 
PDFP;, =Peal;,* DPdit I {F;, + NF;,) 
In case of livestock products, however, this exception in calculation is not applied 
since it is difficult to figure out the kinds and amounts of crops which are used as fodder 
for each livestock product. 
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APPENDIX C. Peal and the undernourished population ratio 
The United Nations describes the prevalence of undernutrition as the proportion of the 
population below minimum level of dietary energy consumption (United Nations, 2003). 
It is defined as the percentage of the population whose food intake falls below the 
minimum level of dietary energy requirements. According to the United Nations, this 
percentage is computed using the total food availability, the inequality in access to food 
and the dietary energy needed by different age and gender groups. Therefore, the 
prevalence of the undemutrition in each country is computed by a more complex 
combination of factors rather than simply by Peal. In other words, it needs to be tested 
whether it is appropriate to use Peal as an indicator for the prevalence of the 
undemutrition. 
The comparison of Peal and the undernourished population ratio (%) can help 
examine how accurately Peal can represent the prevalence of the undemutrition in each 
country. 
The correlation coefficient between these two indicators is -0.909. Therefore, it is 
assumed that these two indicators have significantly strong relationship. 
The Lo git model estimates the following relationship between country's 
undemutrition level and Peal during 1997-99: 
Equation 1. Peal and Undernourished population ratio 
Yi= 1 / (1 + e" (- 4.793 + 0.0026 X1)] 
where Y; describes undernourished population ratio (%) and X; denotes the Peal in 
country i. The relationship and estimated undernourished population ratio is illustrated in 
Figure 2. 
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Figure 2. Peal and undernourished population ratio24
100 
I 
� 90� 
� 
l 
r-... 80 i 
I 
I 
� --
� 70 � --
0 ' ·-
60 
&. = 
0 so = 
Q. 
0 40 Q. 
30r,:i ·-
&. = 
0 = 20 &. 
10 
• I . ',. • I • I ----� • .. 
rw •• 
1• ,. • • 
I �� 
... �.. �.• ..._ -.... - ' 
•I ·•\¥ •••• 
0 
0 500 1000 1500 2000 2500 .3000 
Per capita calorie intake level (caVday) (1997-99) 
Source: FAOSTAT, World Bank 
II 
,1 
• 
3500 
24 Undernourished population ratio data were obtained from Human Development 
Report 2001, United Nations Development Program, as the average level through 1997 to 
99. Per capita calorie intake level was calculated as the average through 1997 to 99 to
maintain consistency.
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APPENDIX D. The estimation of the model with AR(l) term 
The estimation of AR term by Eviews 
To estimate an AR(l) model, Eviews transforms the linear model 
Yt = a + x,'/J + u, 
Ut = p Ut-1 + e, 
into the nonlinear model, 
y, = P Yt-J + (x, -p x,-1) '/3 + e,, 
by substituting the second equation into the first, and rearranging terms. The coefficients 
p and P are estimated simultaneously by applying a Marquardt nonlinear least squares 
algorithm to the transformed equation (Eviews 4 user's guide). 
The maximum number of the iterations and the convergence criterion are set 
unchanged from the original default value set by Eviews, i.e. the maximum number of the 
iterations is 50, and the convergence criterion is 0.0001. 
See Eviews 4 user's guide p.645-656 for more detailed explanation of Marquardt 
method and the measurement of the convergence test. 
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